The article is focused on the changes in soil characteristics caused by the drainage of agricultural soils in the Czech Republic. The basis of the research was to compare current state with the state before drainage using available historical data. To resolve the subject of the research, two smaller study areas with different soil uses were chosen. The Haklovy Dvory area is an arable land that is intensively used. The other area is used mainly for grazing (extensively) and it is called Železná study area. In many cases, historical data regarding the quality of surface water and groundwater (well water) in the two areas is readily available; therefore, the same approach was taken for monitoring the current quality of drainage water. Several chemical indicators were measured in the water: pH, alkalinity-acidity, overall hardness, concentration of selected cations (magnesium, calcium, potassium, ammonia), concentration of bicarbonates, nitrates, nitrites, sulphates, phosphates, chlorides and the electrical conductivity of the water. During the entire course of the monitoring, no serious water pollution was found in Železná study area (with the exception of one sample point). In case of the intensively managed Haklovy Dvory study area, a significant pollution in all drainage water samples was confirmed. We can safely formulate a hypothesis that the drainage water quality is related to the type of agriculture procedure practiced on the land. Mainly the intensive type of agriculture, because of the use of fertilizers, has a negative impact on drainage water quality, and subsequently on the quality of surface watercourses.
Introduction
This contribution arises from a research assignment dealing with the adverse changes in soil properties and the negative impact on chemical and physical soil characteristics that have occurred in agricultural soils as a result of their drainage. These changes are one example of the negative impact that intensive agriculture has on the soil and on the environment in general. The most pronounced changes caused by the intensification of agricultural production include those occurring both in the soil, and subsequently those in surface water and groundwater, whether they are the result of extensive and often unjustified drainage in past decades, or, on the other hand, the result of long-term irrigation, especially where unsuitable and sometimes highly polluted river water has been used. Even though the extensive existing drainage systems, which in our country date from the Communist era, are, as a rule, not maintained today and also often function poorly, their negative impact on the quality of both soil and water may still persist. Based on the specifications of the analytical data, the systematically collected samples of surface and drainage water were assigned to the appropriate quality categories according to the valid norm for surface water quality for the Czech Republic-based on the threshold values for the most significant chemical characteristics [1] .
The European ICID regional conference held in Brno in 2001 focused intensively on the following issues: the principles of EU water management and agricultural policy, the transformation and reconstruction of existing irrigation and drainage systems in Central and Eastern Europe and their appropriate economic and environmental utilization, as well as the minimization of the impact of extreme hydrological phenomena with the aim of achieving the sustainable use of both soil and water. The papers presented at the conference that we found the most interesting and stimulating for our work were those of the following authors [2] - [10] . These papers dealt with, among other things, the possible dramatic changes in soils caused by the construction of irrigation and drainage systems, and their long-term intensive use.
Our attempt to solve the issues mentioned above is based on a comparison of the current state of the soils with their state before irrigation [11] and we evaluate the most significant changes in the soils' characteristics. Thanks to the database maintained by VÚMOP (The Research Institute for Soil and Water Conservation in Prague, Czech Republic), we have at our disposal extensive and essential historical analytical data about the soils [11] [12] [13] [14] [15] . Additionally, from our study area we have "historical" data about the quality of surface water and groundwater (water from wells) [16] [17] . The source of our "current" up-to-date data comes from the systematic monitoring of drainage water quality which we have been carrying out since 2004. By synthesizing information found in these two databases (the historical one and the current one), we have created an extensive set of information about water quality in the study areas, in which the current data (which is constantly being updated) is compared Open Journal of Soil Science with the historical data regarding drainage water, surface water (stream) and groundwater (well).
Materials and Methods

Soil and Hydrological Characteristics of the Model Area
The Železná model area is located in the Domažlice district on the border with Germany (GPS position: 49 deg. 34' -35' North, 12 deg. 34' -36' East). From a geological point of view, it belongs to the crystalinic or moldanubic Bohemian Forest formations (in Czech: Český Les) with a predominance of cordirietic gneiss and silmanite-biotitic migmatised paragneiss with cordierite. The area falls within the moderately cool and damp climatic region. The annual average temperature is between 5˚C and 6˚C. Average annual precipitation is 700 -800 mm.
The largest part of its soil cover (approx. 40%) consists of Stagnic Cambisol (Dystric), while Haplic Stagnosols make up about a quarter of the soil cover, Haplic Gleysols almost one fifth, and Endogleyic Stagnosols one tenth. The remainder of the soil cover consists of Histic Gleysols, Cambisols (Dystric) and Gleyic Stagnosol. The drainage network is comprised of streams (the Nivní, Farský and Lesní streams) and artificial watercourses. The study area lies within the drainage basin of the Danube. In the 1980s, the area was drained systematically using pipe drainage, with the aim of improving the physical state of the soil and the water regime of the agricultural land, and improving and increasing agricultural production. A detailed hydropedological survey was carried out in the 1970s by the State Amelioration Administration [17] to provide the groundwork for a drainage system. After the drainage was complete, the agricultural areas were used as arable land, but today they are used for pastures.
The Haklovy Dvory study area lies within the České Budějovice basin, to the northwest of České Budějovice. It is a flat area with little variation in relief. It lies at altitudes ranging from 378 m to 438 m above sea level. Its geological underlier consists of sandy, clay-like or mixed tertiary lake deposits. A common characteristic of these deposits is a lack of plant nutrients, as well as generally unfavorable chemical and physical characteristics. The soil cover is most frequently comprised of Haplic Stagnosols and, to a lesser extent, Stagnic Combisols. The hydrological conditions of the study area are determined by the climate, the matrix substrates and the relief. As a result, an excessive amount of water is held in the soil profile and there is temporary waterlogging and gleying of the soils. For that reason, a systematic pipe drainage network was built in the 1980s, most of which still functions today. The aim of the drainage system was to improve the physical condition of the soils, and to create more favorable conditions for intensive agricultural production ( Figure 1 ).
Chemical Characteristics of Surface Water Quality
The state of the surface water quality is defined by the threshold values of select Open Journal of Soil Science The norm applies to the uniform determination of running surface water quality.
Elements present in the water are analyzed by absorption spectrophotometry.
According to the concentration of the most important cations (magnesium, calcium and ammonia) and anions (sulphates, chlorides, phosphates and nitrates), and electrical conductivity E.C., the norm distinguishes five qualitative categories of pollution. Unfortunately, it does not make specific references to a number of other indicators which are also, in their own way, important and certainly significant from the perspective of health and hygiene. For example, it does not define the range of pH values for polluted water, nor does it consider the level of acidity-alkalinity. It also fails to define the overall hardness of surface water, the limit concentrations of certain important ions (potassium, bicarbonate), and even the concentration of nitrites, which is one of the most important criteria for evaluating drinking water quality.
During the course of our monitoring of the changes in soil and water chemistry caused by drainage and the subsequent use of the soil, we did, however, monitor changes occurring over time in the above-mentioned indicators too, although the existing quality norm has yet to set limits for their values in surface by titration using phenolphthalein and methyl orange as indicators [19] potassium using flame testing/absorption spectrophotometrically [20] and nitrites spectrophotometrically [21] .
In the Železná model area, we collected water samples from six sample points (K 001 to K 006). Essentially, eleven water samples were always collected simultaneously. They were always paired samples: stream -drainage. The last sample water. This allows us to evaluate changes over time (or, at least, their trends) in the quality of stream and well water, as well as changes in the quality of drainage water (see Table 2 ) from the second sample (August 2004) onward.
In the Haklovy Dvory area, four drainage water samples were collected for detailed analysis and to serve as supplementary material for the evaluation of the difference in quality between the drainage water in Haklovy Dvory and in the Železná study area (among other reasons, because of the different land management in the two areas).
Results and Discussion
In this chapter, we will evaluate the changes in chemical characteristics that have that is to say, those for which there are limit values for the qualitative evaluation of surface water set by the norm, or those which were also specified for the initial, Note: In the first, original "historical" samples collected in 1974, the following specifications were implemented: pH, acidity, alkalinity, overall hardness, and the concentration of magnesium, potassium, bicarbonate and sulphate ions, the threshold value of several of which is not determined by the quality norm). In the "current" samples (numbers 2 to 9), in addition to those specifications, the following characteristics were also specified: electrical conductivity (E.C.), chlorides, potassium, nitrites, phosphates and ammoniac nitrogen. Open Journal of Soil Science In none of the watercourses does the pH reaction of the surface water display any extreme values, although its fluctuations are not negligible (Figure 2) . At the first sample point, in the tributary stream of the Nivní stream, the so-called historic values were pH = 7.5-a slightly alkaline reaction. We also measured this value in the second sample (in August 2004-more than three decades later). However, in the later samples (no. 3 and 4), acidification had occurred, reaching pH 6.6 and later even pH 6.05; a slightly acidic reaction. This suggested an increase in acidity or a decline in alkalinity. However, in November 2006, there was an increase in the pH value of both stream water (pH 7.2) and drainage water (pH 6.4). It is interesting to note that. in well water, the sample from November 2006 also showed an increase in alkalinity, and its pH reached 7. with the increase in the concentration of magnesium and calcium ions ( Figure   3 ). However, not even these increased values reach the critical level for assigning this water to the "slightly polluted" category. The same applies to electrical conductivity values. Even the highest measured value (333 µS/cm) does not exceed the limit value for slight pollution (40 mS/m), although it has, on average, three times the electrical conductivity value measured in the nearest watercourse [1] .
In connection with the increase in alkalinity, there was an increase in bicarbonate content (within the range of 60 -100 mg 
The Chemical Characteristics of Drainage Water in the Haklovy Dvory Study Area
We present, as supplementary information, the characteristics of four drainage water samples (Table 3) A survey of the analyses of these four drainage water samples shows that in For example, in the pH values (in all cases the water is only slightly acidic), the differences are hardly conclusive. The same applies to electrical conductivity (with the exception of the sample from Žabovřesky) and to the acidity of the analyzed drainage water. There was also a relatively high degree of concurrence among the ascertained concentration values of calcium, chlorides and nitrates.
By contrast, the greatest variation in analytical data is found in the potassium ion concentrations and in the nitrite, ammoniac nitrogen and phosphate content.
If we compare the values ascertained for the various indicators with the threshold values of the quality categories for purity or surface water pollution, we discover that, according to certain criteria, the water is relatively clean and of good quality, while according to other criteria it is polluted or even very heavily polluted. For example, based on the concentration of chlorides, sulphates or ammonia ions, the water would be categorized as unpolluted or only slightly polluted (Branišov 3). The water from the Žabovřesky area falls within quality class II. By contrast, the very high concentration of nitrates is almost startling.
The content in the all the collected samples significantly exceeds the lower threshold value for very heavily polluted (pollution category 5), i.e. 13 mg 
Conclusions
Monitoring of the quality of drainage water and a comparison of its quality with Open Journal of Soil Science that of surface water, as well as a comparison of the changes in the quality of drainage water from areas where the soil is used extensively (meadows, pastures, permanent grass growth -Železná area) with the quality in areas where the soil is used intensively (arable land-Haklovy Dvory area) was carried out within the framework of research into the changes in the characteristics of drained and long-term irrigated soils, and their impact on soil and water conservation.
In the area where pastoral agriculture is carried out, with very few exceptions, no pronounced chemical pollution of the drainage water was found, despite the fact that the drainage water flow was relatively low. By contrast, in the area with intensive agricultural activity, the concentrations of chemical characteristics in some samples of drainage water were relatively high, in some cases high enough to place the water in the heavily or very heavily polluted quality categories, despite the relatively strong flow. We can therefore conclude that the pollution of drainage water is directly connected to the type of farming carried out on the drained soil.
